lower large arterial elasticity index were identified as independent predictors of CVD events. Conclusion: Homocysteine, waist circumference, coronary artery calcification and the large artery elasticity index appear to be the major independent predictors of CVD events in individuals on statins with no pre-existing CVD. In addition to emphasizing weight loss, alternative approaches beyond lipid reduction may need to be explored to better characterize and attenuate the residual risk in subjects on statin therapy for primary prevention.
vidual's risk status [1] . Despite aggressive lipid lowering with statins and life style modifications, a significant proportion of patients still experience incident cardiovascular events, suggesting that additional operant factors could be mediating this residual risk [2] . Therefore, we sought to characterize the predictors of residual cardiovascular risk in a prospective observational cohort of individuals on statin therapy as a primary prevention measure.
Methods and Data Analysis
The Multi-Ethnic Study of Atherosclerosis (MESA) is a population-based study (n = 6,814) of individuals belonging to various ethnicities, aged 45-84 years at study enrollment, without a prior history of clinical CVD [3] . We performed a post-hoc analysis of the MESA Limited Access Dataset, obtained from the National Heart, Lung and Blood Institute (NHLBI). A detailed description of the study design, methods and objectives has been published previously. In brief, MESA was designed to identify the characteristics of subclinical CVD and risk factors that predict progression to clinically overt CVD or progression of the subclinical disease [3] . All variables considered in the present analysis were obtained during the initial visit of the study. After excluding patients who were not on statins and those with missing data, we identified a total of 919 adults on statin therapy, 67 of which experienced CVD events (defined as myocardial infarction, resuscitated cardiac arrest, definite angina, probable angina if followed by revascularization, stroke, stroke death, coronary heart disease death, other atherosclerotic death and other cardiovascular death). Data on study variables were calculated using standard questionnaires and procedure protocols, the details of which have been described elsewhere [3] .
Statistical analysis was performed with statistical software STATA version 10 (StataCorp, College Station, Tex., USA). Univariate and backward stepwise multivariate regression Cox proportional hazard analysis was performed to identify the independent predictors of CVD events.
Results
Our cohort consisted of 47% males, with a mean age of 66 8 9 years (18% Hispanic, 43% Caucasian, 11% Chinese and 28% African Americans). A total of 67 participants (7.3%) experienced CVD events during a mean follow-up of 4.4 years. Baseline characteristics are compared in table 1 . Table 2 shows the multivariate predictors of CVD events among those taking statins. A higher coronary artery calcium (CAC) score, serum homocysteine (Hcy) levels, waist circumference (WC) and a lower large arterial elasticity index (LAEI) were identified as independent predictors of CVD events ( table 2 ).
Discussion
In this study attempting to assess the residual cardiovascular risk among individuals on statin therapy for primary prevention, we found CAC, serum Hcy, WC and lower LAEI to independently predict future CVD events.
As evident from our analysis, none of the traditional risk factors retained significance as independent predictors of adverse outcomes in patients on statins for primary prevention. It is especially interesting that the lipid parameters were not statistically different among the two groups, possibly indicating that the effects of statins were similar in both the groups ( table 1 ) . Indeed, CAC, Hcy, WC and LAEI have all been proven individually in prior studies as significant independent predictors of future CVD risk [2, 4, 5] . These may prove to be more important in the context of risk assessment beyond the traditional risk factors. Our study gains support from the fact that recently released guidelines highlights the utility of measuring CAC in asymptomatic patients at intermediate risk for appropriate risk stratification [6, 7] . These results are significant considering that the mere presence of CAC, irrespective of the score, was an independent predictor of future CVD event risk in this population.
Although an increasing body of evidence suggests that Hcy reduction using vitamin supplementation is not accompanied by a reduction in the occurrence of future events, the patient populations considered in these studies had pre-existing CVD unlike the population studied in our analyses [8, 9] . Of note, data on Hcy as a primary prevention target or its utility in reclassifying the intermediate risk population is sparse at best [10] .
Elevated WC, a component of metabolic syndrome, represents a high inflammatory state [11] . However, in these patients, the existing inflammatory state may not be significantly influenced by statin therapy [12] . In agreement with these data, no statistical difference between C-reactive protein values was observed between those with and without events in our study, suggesting the independent association of WC with CVD events beyond inflammation [4] . Given the salutary effects of modest weight loss on the CVD risk profile, WC might represent a potentially modifiable risk factor, worthy of further exploration, to specifically determine whether WC-reducing interventions positively impact residual risk, in the subset of individuals on statin therapy [11] . Finally, in prior studies, LAEI in patients has been shown to improve when treated with more potent statin doses, with this effect being independent of changes in the lipid profile [5] .
Traditional risk factors do not entirely explain CVD risk and a significant residual risk exists beyond the risk factor assessments using these risk factors [2] . Statin therapy as part of primary prevention is based on this risk assessment [2] . Our study shows that CAC, Hcy, WC and LAEI predict events even in individuals treated with statins; these markers may need to be considered in future risk assessment of individuals to facilitate earlier identification of high-risk groups or perhaps adopt a more intensive approach to risk factor management. Additional supporting evidence of our observations comes from now established evidence that CAC has been shown to significantly reclassify individuals beyond the traditional risk assessment measures [6] .
This study included a cohort free of any CVD at baseline but on statin therapy as part of primary prevention, and accordingly, caution should be exercised in extrapolating our results for secondary prevention in patients with known CVD. Although the number of events was relatively small, the large sample size comprising a multiethnic population adds to the strength of our analysis. Another limitation could be self-reporting of all medications in the study with no description of adherence patterns. Further, no information was available on the type and dosage of statins. Our observations provide a brief but interesting insight into the understanding of residual cardiovascular risk in statin-treated patients and reiterate the further need for prospective research in the area of CVD risk assessment.
